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This tost was c;rt~fh~cted to debrmins if C-!Q and Cb-752 co~~.~'c , i .~m 
alloys (LB2 qoated and bare) exhibit a severe loss in d~ctility a t  L1100S. 

T'rle cdl~abim Evil-w t ion  ~r&rar?  pnic.scntl_v being condoc ted st 
f~kDonnell includes tes tirtg at temp sattrzrea ranging froa rorx t o  2790F, 
Results froin this t e s t i n g  i.adicate tnat  t h e  ducctility ol" Gb-752 is lmrer 
L< tho 1200 t o  IflOlTF ran- t i~an  a t  ro5a te~2erat;ure sr 3i the 2203F arid 
abme range. This loss in duc t i l i ty  has not  been great ensugh to indica b 
t ha t  $he n;;tte rial is b r i t t l e ;  hot.rever, the CCS t terq3eratw:es being invasti- 
gated hate not included intarmedieto tengeratures between 12W and 1900F. 
Therefore, it is npcessary to do temine  tifie ducti l i ty  sf the co;tmnbim 
alloys . s t  towemt.ufes i n .  the 1399 ta L@DV range. 

l.kchalic&l proper t ies  data. obtained during this investigation 
Indicate t h a t  tncre is  no severe loss i n  d u c t i l i t y  i n  either the Cb-152 
or D-&3 eolmbim a l b y  specwens in tihe ran@ from 1330 to 1603F, Bend 
%ests ger fo r~ed  I n  the sa;.la t e n ~ r a t l ~ r e  range, hm:ever, resulted in severe 
surface cracking. n r  fracturing of bbe sspecir7~ns dushng the M s t .  

Bas:/ , on C Q ~  ri38ult.5 ~f k s t s  3.lfirJOF, it is caneluded CML the 
uniaxial  du* l i t y  of f%-352 snd D-43 c o l u l i i u ~  alloys does not undergo a 
substan{ ial mcrease at 1hWF; hy:?.?~, thc b i z d a l  d u c t i l i t y  aspears to 
decregsa at th i s  tsmperatula . ,.;$hz\ , LI L I L ~ ~ ~ , ~  

, . \ \ ( '5 '- %, 

/,.a <J  G.2 :-, 
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This t e s t  :gas conducted t o  c?etcl-ri~ine i f  C-113 and Cb-752 caliunlsi~un 
a l l o y s  e x h i b i t  a severe  Loss i n  ciucti . l i ty a t  1/!5!)F. 

Tile Co luv I3 i~ r  Z~rzilua tion Pro;cram p ~ s e n t l ~  be kr, c7nCu- ter? a t  
; r i c z o ~ e l l  i nc ludes  t e s t i n g  xt tem?erztures  ran.gin6: fllorn ro9m tern~~eratuse 
t o  273aF. P z s u l t s  from t h i s  t e s t i n - :  inc?ic?.te t h a t  t h e  d i i c t i l i t y  o f  Cb-752 
is 13$~~;r i n  the  1200 to iC03P ralge t h a n  a t  ro.?:n tez;:,eraL!re o r  in t h s  
221337 and above range, Z'i1S.s l 3 s s  i n  duo t i l i . t y  has p o t  been g x ~  t enou& 
t o  ind ic- i te  tilrit t h e  ma ta r i a1  i s  b ~ i t ~ t l e ;  ho.r;ever, t h e  t e s t  tern;:ercttur-?s 
bet lc  i .mipst igated do n o t  inc lude  i n t e , l i d i a  t e  teinl~eratures between 1200 
arid 18530P. Therefore it is n ~ c , c s s z ~ ~ -  tc d e t e n r L n ~  the d 2 c t i l i t . y  ~f the  
colwilbium alloys a t  t enpe rn tu rec  i n  tile range o f  1333 t3 16.30F 

Elev,2ted tz,~perat,::re mi ch:lnicai p raper t iec ;  and bend t e s t s  were 
conducted i : ~  ".he ;!cCqnnell. 1" i . t n i l u r ,~ i ca l  L? l~or s to rg  durin.-  the ~ c r i o d  

I / 3.7 Januzq~  - 1"6i thrm,c;'i 21 jhrcil  19ti-. 

Tension and bend ss2eir"le;:s as listed in TaSie 1 on page L were 
prepsre6  f o r  t h i s  tc?.st. The s;7ecint:ns were f.-ibric.?t;ed f'r93 9.013 inch  

n 
t h i c k  33-752 D-L13 colxhium a l l o y s  obta ined  fox* tne ~ 0 1 u i x b i i ~ ~ 1  Evalu2t ion 
Progr'zm (TRSl3-367 arid sddendim ) . Tile t e n s i l e  s;?ecirnens b:ere f a b r i c a t e d  
~ , : i t l l  ';he PLn..-3. roll.inc - d i ~ c t i o : ~  of t h e  rrateyial perpendl.ctt;.l.?i- t o  the 
specimen lengt i l ,  the bend specinens r.:e;.e fab-ricz .?led :jit.h t he  f h a l  rollin~ 
c t iwct iof i  crf t h e  x a k r i a l  perpenc!icular t o  the 2.33 i n d l  clirncnsion. The 
edges of t h e  coated specimsns rounded t o  a , r ad ius  o f  on=.-half  the 
m5eriai th i ckness  (9,303 i nches )  p r i o r  t:, coakin:. 

I I 

Tne co.-ited specinlens :'ere Lj-2cocite2 per  ;.:cZonnell 1.3156, 
u s in2  the 173fiF, two nour  d i f f u s i o n  cyc le .  

Thrse coa t ed  and t h r e e  b a r e  t e n s i l e  s p c  F.7iens f : r b r i c ~ " t d  from 
each of t he  two a l l ~ y s  were t e s t e d  a t  13013, 1h30, 3.503 a i d  l i O O l  and t h e  
u l t i ~ a t c  t e n s i l e  strenyt.i.i, .field s t r e n c t n  (0.2:; of f se t  j and percent  of 
e l o i ~ g n t i ~ n  i n  1 inch  :!etem,i:ied. The t e s t s  r.;ere cmduct.ed a t  a loading  
rat,e of' 13,353 inches  2er minute thro l jh ; .u t  testLrii:, T!le e l eva t ed  tez-i~ern tare  

r' - 
t e s t s  trcm pe r fo r r ed  a t  7 x 13 tor r r  o r  l e s s ,  aqd the spc-ci,mns were he14 
a t  t e s t  te:~perat,u,re 15' n:inutes p r i ~ r  t o  l a d  a ? ? l i c z t i o n ,  
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Using Hot Ford 9er:d Equipni~nt  :-1~~~;272-1!:?-:;iT TD ~.:itIi a fer1;lle 

d i e  o?eninf of 2% p lus  2st ,xherr ,  R i s  t he  manc',rel mdius and t i s  t h e  
m t e r i a l  Qici.:ness, t h ~ e  co l ted  and th ree  bare bend spec i renc  w e r e  f ~ i i i ~ d  

in a i r  a";select.ed te.q;,erat~:z-es Setireen 1390 and 1673F. The speciitens 
were ben t  through an ang le  o f  l2o3 a t  a punch speed of I itch p r  ~ 2 . t l u k .  
The =ndre l  radius $p.i,l>yed du r ing  the  'cend test was 0.Q147 inches .  Spc.cir?e:ls 
were h e l d  a t  t h e  t e s t  te;??erature 1s n~inutez nriqr t o  beix-li~.;. the case 
of those spec in:s:ls v:;.iiich f r a c  t u e d  d u r h g  the  for:)?-?g pr.scess, t h e  a )proxi- 
mate bend ang le  at, frar, twe +;as noted. 

Tables 2 and 3 on p a p s  5 throuE;i: 6 pre;:ent the  n?c inr r i sa l  
p r j p o r t i e s  data  obtai~c:! cn t i i c  coated and bare Cb-152 and C- ' :3  co:~~nbiu?t 
a l l o y s  and Tahles  L and 5 on paces 9 2nd 10 prcsent t i e  :end t e s t  data 
gathered d u r i h f  t h i s  i n v e s t i ~ ~ t i m .  r 'i,rires 1 ,2,3,  3nd L on paces 11 , 

1 2  , 13 , ar?d 1 h  art3 pho to~ra ; ih s  o f  typical .  berid xs:d t e n s i l e  si;cci?l?ns a f te l .  
t e s t i n ? ,  The aver3ze ~ e c h l n i c 3 1  p r 7 p e r t i e s  are presented grripilically i n  
E'igu~$e 5, o n  page 15 . 

The mecharli.cal p r o 2 e r t i e s  data i n d i c l t e  tht  t i lere i s  no severe 
l o s s  i n  r?uc t i l i t y  o f  e i t h e r  the  Cb-752 o r  I;-113 c ~ l ~ ~ O i u m  a l b y  sijeci;r:ens 
i n  the rttnge fmn 13130 t o  10'3t3F. The 5e:d t e s t  data obtriined i n  t n e  sa:re 
temperature rar,? s:~rr,is tha t  tile bend t e s t  specimens e i t h e r  underwent sewre  
s u r f a c e  c r ack ing  o r  f r a c t ~ r e c !  durin:: t h e  120 degree bend t e s t .  A hea-ry 
oxida PiL!  famed on a l l  of t h e  unccatcd bend sp.;cizcxi da r ing  the  elevated 
teweratui .e  tests,  and t h i s  pay have had adverse e f fec t s  on t h e  bend pmpertLcs 
o f  the !pater ial .  

The , r jn l !nm~ roo!? tcmserat l l re  ncchanica l  pr3yrties r e : j u i ~ d  fo r  
C'rJ-'7'52 c o i 1 m 5 i b ~  a l l o y  sheet  > e r  >3"5 -183 2r.e 2s file::;: ;;'t2-75,000 p s i ,  
Fty 60,ljW p c i ,  eloncat,ion - 15 percent i n  1.00 i.nc%, rjer? te : i t  r e q u t r e r m t s  
as defined i~ >arng~.aph 3.5.2 of I l s - l f i j  o r  as  fcrilws: Til; Send i r a n s i t i m  
t s T p e r a t u r e  s h a l l  not; excei.6 707 w'len 2ef incd .is th,~ nir~i;nlsii t c ~ p e r a t u r e  
a t  which a spcci-wn .0'j'5 inches and w d e r  may be bent thro31gh a 9'3 de~rvle  
angle  w e r  a 1T radius wi thou t  c racking .  

Based .sr! t h e  r e s u l t s  of these  test,s, i t  13 concluded that t h e  
- m i a x i a l  d u c t i l i t y  3f (;b-'j's2 an(! C-I:3 co1li":bii;m a l l - 3 ; ~ ~  6oes not  w ~ d e s g o  a 
s u b s t a n t i a l  decrease a t  ll:C!IF; hor~ever ,  the hiaxla:! d u c t i l i t y  aappezrs t o  
decrease. at this te.r",pe1-~~!1re. . 
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TEST SKC I1 IEPS 

Quan -- t i -L t.r AL!.ov --L T y - ~ e  &-- ConTL~ur2 t ion  --- -- .- - - - - - 

12 Cb-752 Bare t e n s i l e  1.kEorrrie~l St,C. 6F1117-1 
I 

1 2  Cb-752 Coated tezs i le  
* i 

12 0-!13 33r-z t en s i l e  

1 2  C-L3 Coateci tcnsi1.e 'r 
1 2  Cb-752 Bare bend 0.3lFin.x O,S3in, x 2.30in. 

I 

1 2  Cb-752 C~)ztecI ticnd 1 , 
t 
i t 

2-b3 -7 

1 2  aase bcnd I I 
1 2  C - I J ~  Coatcd k n c l  

1 
i - 
U I T  2 3 1 1 ,  1 a r v  I . r L I I  
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-- MODEL ------ -- RE\ l iSED ,- 
--- . 

p T  : ii?L 33; ?9:{'T 1 

TAIiLX 2 

E,cii>,:; xczl j4 P Q J i ~ ~ r ~ ~  IEs [j? S., ?F, ii:\m 
Lp-2 CJ.;ITEC Cb- 752 Cii;,i'; :liIo!.i ~ L L L ~ Y  

-4 - - ------- 

Spccis:+x-~ Test Tex~ . Fty F'tu Sercent E lon@t ion  
Fimlbe r ---- (03)  ----.. (~si) -- ( K S ~ )  - in ---- 1.93 -------- ~ n c h  -. --- 

1 - Bare 1300 36.0 55 -5 13 

2 i 40.0 5 6.5 1 3  

3 3 9 s  SS 5 12.5 

h e  mA &e - 38.5 55 s 12.8 

1, %re 1) 130 37.0 55 95 12.5 

37.9 9 . 5  3.2 1 6 36.5 Sh.5 13 

icverri,-e 36.8 51~. 5 12 -5' 1 
t 

7 Earu ' 1530 36.0 5L.0 Ikr 

9 1 35.5 5'5*Q 10 
1 

9 4 36.0 55.0 12 

I Average 35.6 5b.  6 12 I 

1 10 5 1 ~  1t:m 34.5 51.5 15 I 

'@ 

11 34.0 53.0 12 

1 2  36.5 53.5 1 L  

kvern;le 35 .O 52 =6 13 0 

5 - Coat52 1300 3865 5'2.0 6 

I 
1 36.0 5ba5 6 5 

S I 
i 38.3 53.5 8 

Average 37.0 52.3 7 

( cont,inued) 
--- i 
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~ f i ~ l ;  2 - ( con t i r  ued) 

-%y r?tu Perceilt E l . o n p . t i ~ n  
( ~ s i )  (Ksi) - ---- ir, 1.90 inch  ---- ---- -4--- - - 

9 - Coated 11~9Q 36 2 51.0 8 

33.5 50.5 9 

39 .o 52 .2  e 
kve r.c: r e  36.2 51.2 8.3 

12 C o ~ t e d  is30 38.0 h9.5 8 

33 *5 52.5 8 

17 " 1 34-5 52 .3  ? 

At-e ra :c 35.3 51.3 7.6 
I 

15 C o ~ t e d  16C3 35.1 h9.5 15 

30.0 53.0 13 

21 2o I - 32.5 50.3 15 

I I 
I 
I 

. i 
L-- - 
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FI!lAl, 3 r GYr 
7 

TAI3L'L 3 

~ . ~ c l ~ L ~ I ~ f \ - ~  FZJiEXTTY,s .jF l-x?z 
I 
I $.:,D D,-z Cd-;T:z D- 1; 3 CC:L;'I :-,IJ ?ALC\Y 

_ I _ _ _ _ ^  ----- -------- 
i 
i 

I Spc c i x e n  Test T'e?ip RY RU ?ercent E L o n ~ a t i o n  
N L~.L e r i n  1.33 irich ---- (O?> 

-----.---- 
( k s i  ) --- ( h i  j -- ----.---- --- 

1 - Sare 13013 L 7 . 9  SAi' 8 

I -* 
I / 1d.s J V  ''9 8.5' 

i Y'. 46.5 58.5 10 

Average t6.6 55.3 8.6 

Bare 117.5 57.0 9 

/ ! i7.S 5s 5 9 

8 " k7 a 5  52.0 9 .s 
kre  rtl ge L7.5 5e.9 9.5 

7 Barn 153,C~ 1,6,5 56.0 aQ i 

8 1 .  L3.5 5h .G 705 
I 

I 

C Lib. 5 2.5 9 

h~re  ra re kS *s S2i.E 8.6 

iC 93re L2.Q 52.9 9 

11 L1.O 52.0 9 
I 

12 Lo. 5 52.0 8 
'f 

8veral;e 41 . 1 52.0 8.6 

1 - Ccated 39.0 1!?+5 8 

2 39.5 50.0 7 

7 
B) .J 1,O.S: 50.0 6 

Averaze 37.0 419 . 9 7 
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1639 b3 t e  .S 

b3 * 5  L3 .c? i 

I;? .o p . 0  

1~3.2 1.51.2 
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Type 
S F E C ~ ~ E ~  ---- Remarks --- 

Uncoated 120" bt ~ c i  w l  t l z  n?i~;'emus heavy 

I surface cracks 

9 

I 
I I 1 t 

I e 

1 80" 

C 
Frnckurod at a becd angle of  

i 
i I i 

i 
4 
j 

7 .4 
1 

i t:i~en taketi ~ f r x i  t e s t  f i x tu re  
i i 1 

i I 
5 

Fracture? a t  ~r bend angle of 

7 lio3 
T r  &q-L co?lbei2 l?~' becc? wi t,h nurrerous heavy 

I surface cracks 
I 

I 
t 

Fi-actilred 3t a Send angle  of 70' 1 

i 
i 

. 
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RCUPE 2 - TYPICAL D-43 COLLJP~BIU~I ALLOY TEPJSILE S?ECIT%NS 
AFTER TESTING 
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FIGURE 4 - TYPICAL D-143 CQLUEUBIUM ALLOY BEND SPECIMENS AFTER 
TXSTING 
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